INTRODUCTION
isolated and described the phenotype of an autosomal recessive gene in the flour beetle Tribolium castaneum whose biological function is associated with lipid metabolism. Several properties of this mutant homozygous corn oil sensitive (cos/cos) genotype were revealed. The mutant and normal (+ 1+) genotypes are similar when grown on diets devoid of vegetable oils or unsaturated fatty acids. However, in the presence of the latter two materials the mutant genotype's growth rate and viability are markedly reduced. On diets containing oleic, linoleic and linolenic acids the expression of the mutant genotype is clearly associated with the degree of unsaturation and the concentration of the fatty acid in the diet. The normal (+1+) genotype was not altered by these fatty acids nor, interestingly, was the mutant genotype when stearic or palmitic acids were ted.
These data suggested that the mutant genotype may not be able to metabolise unsaturated fatty acids in a normal manner and that perhaps a toxic metabolite of the unsaturated fatty acids was accumulating, resulting in an altered growth pattern. Therefore, it seemed reasonable to examine the fatty acid composition of the mutant (cos/cos) and normal (+ / +) genotypes of T. castaneum when grown on diets with and without corn oil (61.9 per cent. linoleic acid) in the hope of gaining some insight into the biochemical defect.
MATERIALS AND METHODS (i) Insects and culturing techniques
Two genetically different populations of T. castaneum were examined in this study: the normal (+ 1+) or wild type genotype and the mutant corn oil sensitive (cos/cos) genotype. The history of these stocks was discussed in our previous papers.
Eggs of each genotype were cultured on the two diets described in table 1 and maintained in a controlled chamber at 330 C. and 65 per cent. relative humidity. Insects were collected from each culture every other day from 10 days of age through the 28th day. Due to the very small size of the early larval stages, 200 larvae were collected for lipid extractions from each treatment on days 10 and 12; subsequently, 100 insects were collected for lipid extraction. An additional 25 organisms were collected from the cultures for wet and dry weight determinations.
(ii) Extraction procedure Larvae, pupae, and adults were placed in 12 ml. centrifuge tubes and 2 ml. of chloroform-methanol (1 2 v/v) were added. The samples were crushed with a glass stirring rod and extracted twice for 20 minutes at 38°. After each extraction the mixture was centrifuged for 3 minutes at 500 r.p.m. The extracts were separated from the sedimented debris and combined. The combined extracts were placed in tared centrifuge tubes and evaporated to dryness under nitrogen. The tubes were then placed in a vacuum for 5 minutes and the total extract weight determined. The crude lipid extracts were dissolved in 15 ml. chloroform-methanol (2: 1 v/v) and washed according to Folch, Lees and Sloane-Stanley (1957) . The chloroform phase was transferred to vials, evaporated to dryness under nitrogen, placed in a vacuum for 10 minutes and weighed. The lipid extract was then dissolved in 1 ml. of chloroform and stored at -33°.
For dry and wet weight determinations, 25 organisms were placed in tared vials, weighed, and dried in an oven at 1100 for 25 hours, and weighed again.
(iii) Preparation of methyl esters A portion of lipid extract (0.3 ml.) was evaporated to dryness in a 2 ml. vial and 01 ml. benzene and 04 ml. of 125 per cent, boron trifluoridemethanol were added (Morrison and Smith, 1964) . The vial was tightly sealed with a teflon-lined screw cap and placed in an oven at 110° for 45 minutes. After the vial cooled, the solution was transferred to a centrifuge tube and 1 volume of H20 (0.5 ml.) and 2 volumes of n-pentane (1.0 ml.) were added. The centrifuge tube and its contents were shaken and centrifuged. The upper n-pentane phase was transferred to another vial and evaporated under nitrogen. The methyl esters were redissolved in a minimal volume of, n-pentane prior to gas chromatography. 
RESULTS AND DISCUSSION
The mutant genotype (cos/cos) has been characterised by displaying an altered growth pattern in response to the concentration and degree of unsaturation of fatty acids present in its diet. The normal genotype (+ 1+) is essentially unaffected by these variables. Our objective in the following studies was to investigate the possibility of differential utilisation of fatty acids in these two genotypes. In addition to determining the relative percentages of fatty acids, wet weight, dry weight, per cent, lipids and per cent. water were recorded for each genotype on the two diets.
Figs. 1 and 2 depict the patterns of change in wet and dry weight, respectively, over the 18-day period of analysis. and 4 and the mutant genotype on diet 0 are quite comparable throughout development. The mutant genotype on diet 4 shows a marked reduction in weight during the larval stages. An important point must be emphasised at this time. One can not accurately compare animals of the same age because morphological and physiological changes are not directly related to age. For example, the mutant genotype on diet 4 appears to be two days out of phase with the other insects and thus at day 18 the larval stage of this group is compared with the pupal stage of the other three groups. Although this consideration is important the data does support the basic hypothesis that an oil high in unsaturated fatty acids will inhibit growth of the cos/cos genotype and has no effect or may even enhance the growth of +1+ genotype. The lipid weight increases rapidly and peaks on the last day of the larval stage. During pupation the total weight of lipids decreases, reflecting the cessation of eating and the internal mobilisation of the fatty acids needed for the morphological change to adults. The insects begin to again increase their lipid weight on the 28th day suggesting that the adults, although formed on the 22nd day, do not start eating again until at least the 24th day. Again the mutant genotype on diet 4 shows the same overall pattern as the other groups but appears to be out of phase by approximately two days. The relative percentage of fatty acids in the +1+ and cos/cos genotypes on diets 0 and 4 are given in tables 3 and 4. In an earlier study (Costantino et al., 1966) the relative percentages of C16-C18 fatty acids were determined for the + 1+ and cos/cos genotypes at 13 days of age. A clear difference in the distribution of fatty acids was noted suggesting a genetic block with the resultant accumulation of linoleate. If attention is focused on day 12 (table 4) this same general trend is observed. However, examination of the distribution of fatty acids over the 18-day period of analysis does not reveal a marked difference between the genotypes. In particular after the 14th day, the fatty acid composition was similar and relatively constant in each culture. Oleic acid was most abundant (31.8-45.4 per cent.), followed by palmitic (26.8-35.0 per cent.), linoleic (9.7-30.6 per cent.), stearic (5.9-1 18 per cent.), palmitoleic (2.0-4.7 per cent.) and myristic acids (< 1 per cent.).
Fatty acids present in amounts less than 05 per cent, were not included. In addition, there was no marked variation in the relative concentration of fatty acids associated with the morphological stages during development. The insects grown on diet 4 have similar but not identical fatty acid compositions. The high percentage of linoleic acid on the 10th and 12th days may reflect some surface contamination. At 10 days of age the organisms are very small; their surface area is large compared to their total weight.
Although extreme care was taken to make sure the insects were clean, the 4 per cent, corn oil diet is somewhat sticky and surface contamination cannot be ruled out. This possibility is suggested when one compares the fatty acids of the insect eggs, the diets and the corn oil, table 5. The fatty acid composition of the eggs resembles the composition of the older insects (l4th-28th day) grown on diet 4. Conversely, the composition of the younger insects resembles that of the corn oil diet. 24-day-old insects. This suggests that linoleic acid is either being metabolised in the mutant at a greater rate than in the normal, or else it is not being absorbed from the diet in as large quantities as by the normal insects. Under our conditions of analysis no unusual fatty acids were detected in the mutant. The diet influences the fatty acid composition of the insects but the diet is obviously not the determining factor. The composition of the insects is quite different from that of the diet particularly with respect to palmitic, oleic and linoleic acids.
As has been noted in the wet weight, dry weight and percentage lipids, the cos/cos genotype (diet 4) has essentially the same composition as the normal insects, but they appear to be out of phase by approximately two days. This same observation is noted in examining the percentage of linoleic acid. These data suggest that we are dealing with an inducible enzyme system with a time lag associated with the utilisation of vegetable oils or more specifically unsaturated fatty acids. This hypothesis can explain our previous observations of (i) the differential growth pattern of the mutant, and (ii) the reduced viability of the mutant at 13 days of age but no marked lethality beyond this age.
Since the physiological differences between the normal and mutant genotypes grown on diet 4 are already evident at 10 days of age, future work will be directed towards the analysis of the development of the younger insects. Radio-labeled linoleic acid will be used in an effort to further characterise the mutation. 3. On diet 4 the cos/cos genotype has the same general pattern as the normal for wet weight, dry weight and percentage lipids except that the mutant is approximately 2 days out of phase. Critical to the hypothesis of a genetic block the distribution of fatty acids of both genotypes are quite similar, especially after 14 days of age, and does not reflect the altered growth pattern of the mutant.
4. The apparent initial delay in response to the unsaturated fatty acid linoleate together with a subsequent normal pattern of development suggest that the genetic mutation may be associated with an inducible enzyme system.
